In Honduras visceral leishmaniasis and non-ulcerated or atypical cutaneous leishmaniasis (NUCL) are caused by the species Leishmania (L.) infantum chagasi. NUCL is the most common clinical form in the southern regions of the country, mainly affecting the young. In view of the lack of knowledge about the pathogenesis of the disease pattern caused by L. (L) infantum chagasi in individuals affected by NUCL, the aim of the present study was to describe in detail the histopathological features of the skin lesion caused by the parasite. Biopsies from human NUCL lesions with a positive parasitological diagnosis were collected and processed using standard histological techniques. Paraffin sections stained by haematoxylin and eosin were used to examine the histopathological alterations seen in the skin. The lesions varied between 3 and 5 mm, and the majority of the patients (60%) had a single lesion. Lesions were more frequently seen in females (65%), with an average age of 33.4 years.
| INTRODUCTION
In Central America, specifically in Honduras, Costa Rica, El Salvador and Nicaragua, human cases of non-ulcerated skin lesions have been described in endemic regions for visceral leishmaniasis (VL). [1] [2] [3] [4] Generally, these lesions are small with a diameter of 0.1-3.0 cm, few numbers (1-3), papular and non-ulcerated. The lesions are often surrounded by a hypopigmented halo, even when they are present for several years. These patients do not present a history suggestive of an immunocompromised state or any febrile systemic disease. In addition, these patients do not have a known or suspected history of prior visceral leishmaniasis before the appearance of cutaneous lesions. The main location of the lesions is the face and extremities. 3, 5, 6 This clinical form is called non-ulcerated or atypical cutaneous leishmaniasis (NUCL) and is caused by the same aetiological agent of VL, Leishmania (L.) infantum chagasi. 1, 2, 4 Studies performed in the 1990s with strains isolated from patients with NUCL of endemic area in Honduras revealed that this parasite belongs to the Leishmania donovani complex and was identified as Leishmania (L.) donovani chagasi, which is also known as Leishmania (L.) infantum chagasi, based on specific monoclonal antibodies and analysis of isoenzymes. 3, 7 Lutzomyia longipalpis was cited as the main vector, and dogs (Canis familiaris) served as a probable domestic reservoir. 3 NUCL is present in the same endemic areas as VL in Honduras, including the southern region of the country in the states of Choluteca, Valle, El Paraíso, Francisco Morazán, La Paz, Intibucá and Lempira. 6, 8 Diagnosis in this region is made via parasitological examination using a scraping smear of the cutaneous lesion stained with Giemsa, where scarce amounts of parasites are always observed. 1, 2, 4 Of note, NUCL is the most common form of clinical presentation of Leishmania (L.) infantum chagasi infection in all these areas. NUCL commonly occurs in children older than 5 years and young adults and is rarely noted in children less than 5 years of age and the elderly. In contrast, the VL occurs mainly in children younger than 5 years. 3, 7, 9 From a clinical point of view, NUCL is the most benign form but is relevant to public health because patients suffering from this clinical form are potential reservoirs of the parasite and a source of infection for the sand fly vector. 8 However, we must take into account that little is known about human infection by Leishmania (L.) infantum chagasi in Honduras, especially cases involving the non-ulcerated or atypical form. It should be noted that the only recently published study addressing the issue of NUCL in Honduras provides a brief histopathological description of the skin lesions caused by this parasite species. 10 Thus, due to the scarcity of studies addressing this atypical clinical form of the disease, [1] [2] [3] [4] 6 ,10 the objective of this study was to characterize in detail the histopathological changes of skin lesions in patients affected by NUCL and thus to better understand the pathogenesis of the infection caused by Leishmania (L.) infantum chagasi in Central America.
| MATERIALS AND METHODS

| Study area
Two endemic areas of NUCL, the municipalities of Amapala and Orocuina located in southern Honduras, were studied. 
| Ethical approval
| Patients
We used twenty skin samples of lesions from patients with NUCL from Amapala (Valle) and Orocuina (Choluteca), Honduras. These patients were assessed at the health centre of each locality. None of the patients included in this study had a previous history of VL, nor received treatment for leishmaniasis. Direct parasitological diagnosis (scraping smears), immunohistochemistry analysis (biopsy), histopathological study (biopsy) and molecular study (biopsy) were performed using the skin samples. The patients were informed about the procedure to be performed and signed the Term of Free and Informed Consent. All the patients included in this study received treatment according to the protocol provided by the Ministry of Health of Honduras.
| Direct parasitological diagnosis
Scrapings of patient lesions were obtained using a lancet. Dermal cells were placed on slides, fixed with methanol and stained with Giemsa for analysis by optical microscopy to observe Leishmania amastigotes.
| Immunohistochemistry analysis
To confirm the presence of the parasite, the presence of Leishmania amastigotes in the tissue sections from NUCL patients confirmed by Giemsa stained was investigated by immunohistochemistry using hyperimmune sera from mice chronically infected with Leishmania (L.) amazonensis as the primary antibody and the LSAB kit (DakoCytomation, Santa Clara, CA, USA) for development of the reaction. 12 
| Histopathological study
Biopsies of skin lesions from patients were collected using a 3-mm punch under aseptic conditions and local anaesthesia after 1-2 months of direct examination. These biopsies were fixed in 10% formalin solution buffered with 0.01 mol/L phosphate and processed using typical histological techniques. Paraffin sections of 4-5 μm were stained by haematoxylin and eosin (H&E). The sections were observed under an optical microscope in order to characterize the histological features of the epidermis and dermis with emphasis on the inflammatory response and tissue parasitism. To evaluate the skin tissue lesions, a semi-quantitative comparative analysis was performed according to the modified method of Ridley and Ridley. 13 The results were scored based on the intensity of each tissue change observed using a 40× objective as follows: (−) negative, 1-50 cells (+) discrete, 50-100 cells (++) moderate and greater than 100 cells (+++) intense. Descriptive analysis was performed, and the data were presented as absolute number and percentage.
| Molecular study
Real-time PCR was performed to detect the parasite and to characterize the infectious agent as follows. First, DNA was extracted from skin sections from NUCL patients using the NucleoSpin ® Tissue kit (Macherey-Nagel, Germany) according to the manufacturer's recommendations. The DNA was stored at −20°C until use. We used primers targeting a small fragment (120 bp) of Leishmania kDNA: LEISH-1 (5′-AACTTTTCTGGTCCTCCGGGTAG-3′) and LEISH-2 (5′-ACCCCCAGTTTCCCGCC-3′). 14 3 | RESULTS
| Clinical and epidemiological features
Among the 20 patients affected by NUCL from Honduras, 11 (55%) reside in Amapala and 7 (35%) reside in Orocuina. Place of residence was not reported in 2 (10%) patients. Concerning gender, 13 (65%) are female and 4 (20%) male. Gender was not reported in 3 (15%) patients. The age average is 33.4 years, ranging from 9 to 70 years. The diameter of the lesions ranged from 3 to 5 mm in 14 (70%) patients, and values were not reported in 6 (30%) patients. Twelve (60%) had a single lesion, and 5 (25%) had multiple lesions. The number of lesions was not reported in 3 (15%) patients. Regarding lesion evolution, 8 (40%) patients had lesions for less than 6 months, whereas 5 (25%) had lesions for greater than 6 months. Lesion information was not reported in 7 (35%) patients ( Figure 1 ). Regarding the location of the lesions, the lesion(s) were observed in the extremities in 50% of the cases, and the remaining 50% of cases exhibited lesion(s) in different parts of the body, including the back, chest and face (Table 1) . 
| Diagnostic tests
Scraping smears of the skin lesions stained by Giemsa revealed the presence of Leishmania amastigotes in 100% (20/20) of the NUCL cases via direct parasitological examination ( Figure 2A ). Given the rarity of the parasite, it was laborious to detect the amastigotes highlighted in brown, which were only observed in 55% (11/20) of the cases in the histological sections processed by immunohistochemistry ( Figure 2B ). Conversely, parasitic DNA was detected in all cutaneous biopsies ( Figure 2C ), and the elevated number of cycles (Ct) necessary to detect the parasitic DNA suggested low parasite levels in the skin tissue observed in the immunostained biopsies ( Figure 2C ). In addition, we identified the infectious agent in all samples as Leishmania (L.) infantum chagasi ( Figure 2D ) based on a typical Tm of 82.5°C that diverged from that of Leishmania (V.) braziliensis at 85.7 and 88°C ( Figure 2E ).
| Histopathological features
The 20 skin lesion samples from patients with a clinical and parasitological diagnosis of non-ulcerated or atypical cutaneous leishmaniasis analysed by H&E staining revealed morphological changes in the dermis and epidermis. The changes observed in the epidermis were mild thinning in 40% (8/20) , mild acanthosis in 10% (2/20) and focal lymphohistiocytic exocytosis in 20% (4/20) of the cases (Figure 3) . The most significant histopathological changes were observed in the superficial and deep dermis. The changes were characterized by a lymphohistiocytic inflammatory infiltrate of variable intensity with diffuse arrangement and occasionally associated with epithelioid granulomas. The inflammatory infiltrate was composed of lymphocytes, macrophages and a few plasma cells in variable intensity. The infiltrate was discrete in 40% (8/20) , moderate in 30% (6/20) and intense in 30% (6/20) of the cases (Figure 4) . The most prevalent cells in the inflammatory infiltrate were lymphocytes followed by macrophages. In some cases (55%, 11/20), the amount of these two cellular types was similar with evidence of vacuolated macrophages without amastigotes.
Mild inflammatory infiltrates were observed located particularly in the superficial dermis with a tendency towards angiocentric distribution. Granulomatous inflammation and well-formed epithelioid granulomas were observed in 60% (12/20) of the cases, with an inflammatory infiltrate varying from moderate in 50% (6/12) to intense in 50% (6/12) of the cases with diffuse distribution in the dermal tissue. Multinucleated giant cells were present in 67% (8/12) of cases with granulomatous lesion, and focal necrosis was noted in 25% (3/12) ( Figure 5 ).
F I G U R E 2
| DISCUSSION
Non-ulcerated or atypical cutaneous leishmaniasis is a rare clinical form of infection caused by Leishmania (L.) infantum chagasi. Interestingly, this infection has been specifically described in Central America. In Honduras infection caused by Leishmania (L.) infantum chagasi is restricted to the southern region of the country, where cases of VL and NUCL occur in the same geographic area. It should be noted that these two clinical forms are independent; therefore, they do not occur simultaneously in the patients. 3 Interestingly, since the first cases of NUCL were described in Honduras, a reduction in the number of cases of the visceral form of the disease were noted, and this has been accompanied by an increase in numbers of cases of the cutaneous form in endemic regions. 8 It seems that a strong adaptation of the pathogen to the host has occurred, leading to a balanced parasite-host relationship. However, differences in host genetic and immunological backgrounds as well as the parasite strains should not be ignored. In our study, the macroscopic lesions were mostly single, small (ranging from 3 to 5 mm), nodular and non-ulcerated with the presence of a hypopigmented halo as previously described by Ponce and colleagues in 1991. It is important to note that the size of the lesions did not correlate with the time span of infection evolution (r = −0.1870, P = 0.5765).
Cutaneous leishmaniasis caused by Leishmania (L.) infantum has also been described in countries in the Mediterranean region. However, the lesions, which are mostly small, papular or nodular and erythematous, can develop into infiltrative plaques that ulcerate as the infection progresses, forming crusts. The lesions exhibit a chronic evolution that typically occurs over a period of greater than a year, and evolve to self-healing, 15, 16 which is in contrast to lesions caused by
Leishmania (L.) donovani, the causative agent of VL in African and Asian continents, may also cause a cutaneous leishmaniasis known as post-kala-azar dermal leishmaniasis (PKDL). However, this clinical presentation is a sequel in patients with VL apparently cured after treatment. Clinically, it is characterized by a cutaneous rash consisting of macular, papular or nodular chronic lesions that are hypopigmented and rarely ulcerate. In Africa, the disease is often self-limiting and cures spontaneously. In India, it persists indefinitely if not treated. [17] [18] [19] [20] [21] In South America, specifically in Paraguay and some states of Brazil, such as Rio de Janeiro, Mato Grosso do Sul and Minas Gerais, cases of cutaneous leishmaniasis caused by Leishmania (L.) infantum chagasi with peculiarities in its clinical presentation have been reported. These lesions ulcerate, evolve over time and do not present a hypopigmented halo. [22] [23] [24] [25] These characteristics differ from the data presented in our study and by other authors regarding the disease observed in Central America where the lesions do not ulcerate regardless of the evolution time and are often surrounded by a hypopigmented halo. [1] [2] [3] 10, 26, 27 In both South America and Central America, patients do not have a previous history of VL. In our study, microscopic lesions of the non-ulcerated or atypical form in Honduras were characterized by discrete morphological changes in the epidermis and more pronounced changes in the dermis. The main changes identified in the epidermis were of a slight thinning, mild acanthosis and focal exocytosis. In lesions caused by parasites of the subgenus Viannia, the epidermis usually exhibits intense pseudoepitheliomatous hyperplasia at the borders of lesions with extensive areas of necrosis. 28, 29 These characteristics also differ from lesions caused by Leishmania (L.) infantum and Leishmania (L.) donovani in the Old World that exhibit changes in the epidermis, including hyperkeratosis, parakeratosis and focal acanthosis. 16, 20, 30 The morphological changes of the dermis in NUCL were more relevant, characterized by the presence of a mononuclear inflammatory infiltrate of variable intensity with diffuse arrangement, and occasionally associated with the formation of epithelioid granulomas. The predominant cell population in this infiltrate was lymphocytes followed by macrophages. In some cases, the percentage of these two cells was similar. Macrophages were often vacuolated, suggesting cellular activation. The literature reveals that macrophage activation results in the synthesis of nitrogen intermediaries and oxygen radicals, which are toxic to the parasites and cause lysis of intracellular parasites. [31] [32] [33] Activated macrophages and scarce amounts of parasites were observed in the lesions. A mild inflammatory infiltrate was preferentially present in the superficial dermis, with an angiocentric distribution. In contrast, the more intense infiltrate occupied the superficial and deep dermis and was associated with a granulomatous response with the presence of giant cells. The amount of parasites in the lesions was always scarce. Although direct research revealed that all of the patients were positive for the parasite, the parasite was observed in tissues in the histopathological study in only 55% of the cases. Although the immunohistochemistry reaction is reported to be more sensitive when compared with H&E 12,34 our results did not reveal increased sensitivity likely due to the low levels of the parasite observed in non-ulcerated or atypical cutaneous leishmaniasis, which compromised the sensitivity of the technique. The immunohistochemistry only confirmed a few suggestive parasite amastigotes when observed in paraffin sections stained by H&E. However, when real-time PCR was used, 100% positivity was observed, confirming the results obtained in the direct search of parasites in the smears stained by Giemsa. The molecular reaction confirmed Leishmania (L.) infantum chagasi as the aetiological agent in all samples analysed. The dermal findings observed regarding the cutaneous form caused by Leishmania (L.) infantum in the Old World depend on the time course of lesion evolution. In the initial phase, the inflammatory infiltrate is dense and diffuse and composed of parasitized histiocytes, lymphocytes and plasma cells. In late-phase lesions, the inflammatory infiltrate is granulomatous with the presence of multinucleated giant cells, and the number of parasites is reduced. 16, 17, 35, 36 However, dermal lesions in PKDL patients are characterized by a diffuse infiltration of lymphocytes, plasma cells and macrophages with a variable number of parasites. In addition, epithelioid granulomas are more frequently observed in nodular lesions when compared with papular lesions. 19, 20, 30 These histopathological aspects also differ from cutaneous lesions caused by dermotropic species of the parasite in the New World, such as Leishmania (L.) panamensis are characterized by an intense inflammatory infiltrate in the dermis with diffuse and lymphohistiocytic predominance, a lymphoplasmacytic and granulomatous presentation pattern with the presence of ulcers, acanthosis, exocytosis and spongiosis in the epidermis. 39 To develop this study, more than 500 individuals in an endemic area were evaluated. Of these individuals, 104 had a history of NUCL without a previous history of VL. Of all NUCL patients evaluated, 20 individuals were selected for biopsy collection for this histopathological study. Thus, despite having a limited number of biopsies, we evaluated a large number of patients with non-ulcerated skin lesions that maintain the same characteristics observed in the results presented in this article (non-ulcerated lesion, time of evolution, diameter and location of the lesion). Despite a small number of samples, we performed a chi-square test between the time course of the evolution of infection and intensity of the inflammatory infiltrate (P = 0.5520). We also performed Fisher's exact tests between the time course of the evolution of infection and presence or absence of granuloma (P = 0.5921). No associations were noted. These results might have been different if a greater number of samples had been used.
The results obtained in this study revealed self-limiting and non-ulcerated skin lesions that occur independently of the time of evolution and are characterized by lymphocytes and vacuolized macrophages with epithelioid granulomas and scarce parasites in patients with NUCL caused by Leishmania (L.) infantum chagasi. Taken together, the data present herein revealed histopathological alterations in the skin of individuals affected by NUCL that suggest activation of a cellular immune response that could control parasite spreading. It is important to mention that it is the first detailed study concerning the skin histopathological changes caused by Leishmania (L.) infantum chagasi in Central America. These data improve our knowledge of the pathogenesis of this rare and atypical form of disease and could be useful for the development of new public health policies as well as new therapeutic and diagnostic protocols.
